Résumé. 2014 2014 We have recorded the 1H-and 2H-NMR spectra of PAA, PAA-d6, and PAA-d8. The order parameter S = Szz = 1/2. 3 cos2 03B8 -1 &#x3E; has been determined from the different types of NMR experiments and shown to be quite sufficient for the interpretation of both proton and deuterium NMR data since the values of the tentatively calculated second order parameter Sxx-Syy (from 2H-resonance of PAA-d8) are very small.
We have recorded the 1H-and 2H-NMR spectra of PAA, PAA-d6, and PAA-d8. The order parameter S = Szz = 1/2. 3 cos2 03B8 -1 &#x3E; has been determined from the different types of NMR experiments and shown to be quite sufficient for the interpretation of both proton and deuterium NMR data since the values of the tentatively calculated second order parameter Sxx-Syy (from 2H-resonance of PAA-d8) are very small.
From a comparison of the proton NMR spectra of PAA-d6 and PAA and theoretical spectra computed using an approximative procedure for different kinds of intramolecular motions some conclusions are drawn concerning intramolecular mobility of the PAA molecules.
J. Physique 41 (1980) Nevertheless, from such a computation (even if only approximative) and comparison with experimental spectra very interesting information about molecular conformation and dynamics of these phases could be gained.
To start such an investigation we used the most simple mesogen compound-PAA (para-azoxy-anisole). Besides, PAA was available in different deuteration grades (PAA-d6 : methyl groups deuterated, PAA-d8 : phenyl rings deuterated) so enabling us to perform NMR From the splitting of the centres of gravity Avc.g., the order parameter S was derived assuming (within the time interval T2) an isotropic distribution of the short molecular axes of the molecules about the long axes (later on referred to as « isotropic rotation »). This may not be quite correct [9] [10] [11] [12] [13] Fig. 3) shows the typical symmetrical triplet structure to be expected for a rotating CH3-group.
The splitting of the outer wings of the triplet is related The order parameter S after equation (2) is displayed in figure 4 . We used such a value of ç that fits to an order parameter S = 0.556 at T = 392 K as determin- [14] ), and the much larger spectrum width compared to PAA-d6 (at the same reduced temperature about 20 %) are noticeable features of these spectra (see also [14] ). The many-line structure of the central component is very probably due not only to the dipolar interaction among the methyl protons (which gives rise to a triplet) but also the interaction between the methyl protons and the neighbouring phenyl protons. Estimations of the strength of this interaction [26] following Weber [24] figure 6 shows a fairly good agreement with that of S from the proton resonance of PAA-d6. Summarizing the above described proton resonance data we can state that the temperature dependences of both methyl proton and benzene ring proton resonance splittings and the derived order parameters derived agree well within experimental errors. Likewise, the absolute magnitudes of S determined from distinctly deuterated PAA-samples can be fitted with reasonable assumptions. Fig. 8 ). This is very probably due to the superposition of two different sets of spectra belonging to each methyl group [13, 15] [ 15] (see Fig. 9 ). The origin of the lines has been discussed by Diehl and Tracy [15] . We shall adopt here their line assignment without further comments since we are mainly interested in the temperature dependences of the line splittings.
However, it seems hardly conceivable to use different order parameters for each ring. Rather their para axes should make different angles with the long molecular axis (principal axis of the S-tensor).
We want to test if the assumption of fast isotropic rotation about the long molecular axis still holds for the deuterium resonance of the phenyl deuterons which should be sensitive to the différence Sxx -Syy [9, 12] . the bond direction of the deuteron giving rise to the ith line of the spectrum and the benzene ring para axis, cp-angle between para axis and long molecular axis. In equation (4) The quadrupolar splitting should then be described for the phenyl deuterons by (again assuming 1 = 0)
Here we have chosen the molecular frame such that Ç ,is parallel to the direction of the para axis of the benzene which contains the deuteron responsible for the quadrupolar splitting àv(l) [15] . Further the azimuthal angle a of the direction of the electric field gradient is zero (cf. equation (9)) and therefore the ç-direction lies within the plane of the benzene ring (see also Fig. 12) . Taking [3] of an actual four-proton system.
Therefore we treated PAA-d6 as an eight-spin system computing the spectrum after a procedure described below (in a similar way non-deuterated PAA was treated as a 14-spin system) using the structural data (bond lengths and bond angles) from the X-ray analysis of PAA by Krigbaum et al. [4] .
To calculate the dipolar NMR lineshape of protons we use an approximation already described by Abragam [5] . With Fig. 12 ).
To obtain equation (9) [4] in the single crystal of PAA. (If no twist angle was allowed for then no splitting in the doublet components could be produced for PAA-d6.)
The long molecular axis has been chosen such that it connects the two carbons of the benzene rings next to the oxygens. The spectra then have been calculated with the long axis being parallel to the magnetic field direction (i.e. S = 1). figure 13a is shown the result of the computation for the rigid molecule of PAA-d6. Obviously the lines are too broad compared to the experimental spectrum (Fig. 13c) and have no structure. After admitting 180°-jumps of the benzene rings the doublet lines become narrower and display a distinct structure. If the spectrum is scaled by a factor S as described in section 3.1 1 then the agreement of Av,.g., 'AVl/2, and w (splitting of the two resolvable peaks in each doublet component) between calculated and experimental spectrum is very good.
A similar statement can be made regarding the second moments. For the case of jumping benzene rings a fairly good coincidence between the second moments of experimental spectrum for and the theoretical spectrum (after scaling by S 2, M2"t = 2.48 G 2).
3.2.2 PAA. -In figure 14 , are exhibited the computed spectra of PAA obtained by admitting different kinds of intramolecular motions along with the experimental spectrum (Fig. 14i) For the rigid molecule (Fig. 14a) (Fig. 14c) . (Fig. 14e) ; 0.4 (Fig. 14f) ; and 0.3 (Fig. 14g) ; leaving Sbenz. figure 14f or figure 14g , resp., making clear the necessity of the assumption of motions about the benzene ring para axes.
Evidently the second moment for the calculated spectrum of figure 14g is markedly less than the experimental value (Fig. 14g) Fig. 7 ) which have quite a différent appearance to that expected theoretically for a system of three rotating deuterons (cf. [22] ) as well as the CD3-signal of the proton-decoupled deuterium resonance spectrum of PAA-d6 [13] . Likewise, the overall width and triplet splitting of the central component in the proton spectra are thus influenced by the interaction with the methyl nuclei (apparently much weaker for the proton resonance of PAA-d8 than for non-deuterated PAA). So the determination of the order parameter ( 7) The difference of the peak splittings (and centresof-gravity splittings, resp.) between PAA-d6 and PAA ('H-spectra) at the same reduced temperature can be explained qualitatively by the influence of the nonnegligible interaction of the methyl and phenyl protons, as has been pointed out already by Visintainer et al. [25] . This broadens the wings of the PAAspectrum compared to PAA-d6 and enlargens the splitting of the doublet peaks without reflecting a différent value of S.
A similar behaviour though much less pronounced is reproduced also in our computed spectra.
